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Description 

Field of the Invention 

5 The invention relates to breathable polymer films -polymer films which are gas/vapor permeable and 
liquid impermeable prepared from highly filled polyoiefin film. 

Related Art 

70 It is known to prepare porous polyoiefin films by stretching a precursor film filled with calcium 
carbonate. "Breathable" films which are gas/vapor permeable and liquid impermeable have been described 
in U.S. Patent No. 4,472,328, assigned to Mitsubishi Chemical Industries, Ltd. The Mitsubishi patent 
describes a breathable polyoiefin film prepared from a polyolefin/filier composition having from 20 percent 
to 80 percent by weight of a filler such as a surface treated calcium carbonate. A liquid or waxy 

15 hydrocarbon polymer elastomer such as a hydroxy-terminated liquid polybutadiene was found to produce a 
precursor film that could be monoaxially or biaxially stretched to make a film breathable. The breathable 
film described by Mitsubishi is also described in Great Britain Patent No. 2.115,702, assigned to Kao 
Corporation. The Kao patent further describes a disposable diaper prepared with a breathable film as 
disclosed by the Mitsubishi patent. The breathable film is used as a backing for the diaper to contain liquid. 

20 U.S. Patent No. 4,350,655, assigned to Biax Fiber Film, describes a porous polyoiefin film containing at 
least 50 percent by weight of a coated inorganic filler. The precursor film is formed without the addition of 
an elastomer by employing an inorganic filler surface coated with a fatty acid ester of only silicon or 
titanium. The precursor film is then rolled between horizontally grooved rollers. Cold stretching of the 
precursor film at a temperature below 70 'C produces a porous film. Some of the resulting films were stated 

25 to be both vapor and liquid permeable, however, at least one film (Example3) was stated to be permeable 
to air. 

'EP-A-232 060 of earlier priority date and to be considered under Article 54{3)EPC describes the production 
of a gas-permeable porous film of LLDPE produced by mixing the LLDPE and a filler, extruding a film, 
embossing and stretching the film. The film so posseses a rugged pattern on the surface. The pattern is 

30 produced by an embossing roller and may be applied before and/or after stretching of the film. The pattern 
may be e.g. a satin finish or in the form of lines. US-A-4,921,653 equivalent to the above defines the rugged 
pattern as having peaks and valleys with a depth therebetween of from 2 um to 3 mm. EP-A-232 060 does 
not disclose the specific nature of the LLDPE other than the melt index. 

The present invention provides a method of making a breathable film comprising the steps of : 

35 - mixing a linear low density polyethylene copolymer produced by polymerising ethylene with a C4-to 
' alpha olefin with a filler, 

- extruding a precursor film from the. copolymer /filler mixture, 

- melt imbossing the film to impose therein a pattern of areas of different film thicknesses, and 

- stretching the film to impart greater vapor permeability in areas of reduced thickness in comparison to 
40 areas of greater thickness. 

The film may be produced by tubular extrusion and embossed thereafter. Preferably a precursor film is cast 
extruded and embossed prior to stretching. 

The invention is inclusive of breathable film obtainable by the method described above characterised by 
a pattern of areas of different film thicknesses with greater vapor permeability in areas of reduced 
45 thicknesses in comparison to areas of greater thickness and an overall water vapor transmission rate in 
excess of 5,800 g/m^/day. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

50 Film Forming C o mpositions 

Linear low density polyethylene (LLDPE) as used in the present invention is produced by copolymeriz- 
ing ethylene with a C4 to Cio alpha-olefin. Generally the preferred alpha-olefms include those selected from 
the group comprising butene-1. pentene-1. hexene-1, 4 methylpentene-1 , heptene-1. and octene. The 
55 comonomers are present in amounts up to 20 wt. %. normally between 3 and 14 wt. %. The polymerization 
is conducted at low pressure using a chromium catalyst or Ziegler catalyst and may t>e carried out in the 
gas phase. The LLDPE produced by such methods have a density between 0.900 and 0.935 g/cm^ and a 
melt index (Ml) between 0.1 and 5.0 grams per 10 minutes. Manufacturing processes for production of 
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LLDPE are known, such as disclosed in U.S. Patent Nos. 4,076,698 and 4,205.021. LLDPE is preferred as 
. the polyolefin component for use in this invention because of its high tear strength, ease of compounding, 
and low cost. 

Fillers useful in this invention may be any Inorganic or organic material having a low affinity for and a 

5 significantly lower elasticity than the polyolefin component. Preferably the filler should be a rigid material 
having a non-smooth hydrophobic surface, or a material which is treated to render its surface hydrophobic. 
The preferred mean average particle size of the filler is between about 3 to 5 um. for films having a 
thickness of between 102-152 um (4-6 mil) prior to stretching. Examples of the inorganic fillers include 
calcium carbonate, talc, clay, kaolin, silica, diatomaceous earth, magnesium carbonate, barium carbonate, 

70 magnesium sulfate, barium sulfate, calcium sulfate, aluminum hydroxide, zinc oxide, magnesium hydroxide, 
calcium oxide, magnesium oxide, titanium oxide, alumina, mica, glass powder, zeolite, silica clay, etc. 
Calcium carbonate is particularly preferred- for low cost, whiteness, inertness, and availability. The inorganic 
fillers such as calcium carbonate are preferably surface treated to be hydrophobic so that the filler can repel 
water to reduce agglomeration of the filler. Also, the surface coating should improve binding of the filler to 

15 the polymer while allowing the filler to be pulled away from the polyolefin under stress. A preferred coating 
is calcium stearate which is FDA approved and readily available. Organic fillers such as wood powder, pulp 
powder, and other cellulose type powders may be used. Polymer powders such as Teflon® powder and 
Kevlar® powder can also be used. 

The amount of filler added to the polyolefin depends on the desired properties of the breathable film 

20 including tear strength, water vapor transmission rate, and stretchability. However, it is believed that a 
breathable film cannot be produced as is taught herein with an amount of filler less than about 15 percent 
by volume of the polyolefin/fiiier composition (e.g. LLDPE/CaCOs having less than about 38 percent by 
weight CaCOa). The minimum amount of filler is needed to insure the interconnection within the film of 
voids created at the situs of the filler particularly by the stretching operation to be subsequently performed 

25 on the precursor film. Further, it is believed that useful films could not be made with an amount of the filler 
in excess of about 35 percent by volume of the polyolefin/filler composition (e.g. LLDPE/CaC03 having 
greater than about 65 percent by weight . CaCOs). Higher amounts of filler may cause difficulty in 
compounding and significant losses in strength of the final broalhablo film. 

Polyolefin/filler compositions usable in this invention may be compounded in several different ways. The 

30 components may be brought into intimate contact by. for example, dry blending these materials and then 
passing the overall composition through a compounding extruder. Alternatively, the polyolefin and filler 
components may be fed directly to a mixing device such as a compounding extruder, high shear 
continuous mixer, two roil mill or an internal mixer such as a Banbury mixer. Overall, the objective is to 
obtain a uniform dispersion of the filler in the polymer without agglomeration, and this is readily achieved by 

35 inducing sufficient shear and heat to cause the polyolefin component to melt. However, time and 
temperature of mixing should be controlled as is normally done to avoid molecular weight degradation. 
Compounding of LLDPE and calcium carbonate that is surface treated with calcium stearate has been 
improved by vacuum drying the mixture within the extruder. 

The tear strength and softness of a film prepared from the polyolefin/filler composition may be 

40 improved by addition of small amounts of an olefinic elastomer. 

Film Extrusion and Melt Embossing 

The film forming composition may be manufactured into a precursor film by conventional tubular 
45 extrusion (blown bubble process) or by cast extrusion. Film formation by cast extrusion is preferred 
because the cast film can be immediately melt embossed as described below. 

In the cast extrusion process, the molten resin is extruded from an elongate die in the form of a web. 
The web is pulled over at least one patterned embossing roller to chill and solidify the film with an 
embossed pattern for reasons discussed further below. The precursor film is preferrably produced to a 
50 guage of 102 to 152 um (4 to 6 mils); which allows for further stretching as described below. The extrusion 
temperatures, die temperatures, and embossing roll temperatures will depend on the composition em-, 
ployed, but generally will be in the following ranges for compositions of the present invention. prepared by 
cast extrusion: 

55 
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- Melt Temperature 
Die Temperature 
Embossing Ron Temperature 



1 77-232 -C (350-450 -F) 
1 77-232 -C (350-450 -F) 
^^54*C (70-1 30 ^F) 



45 



so 



55 



machine and cross-machine direction. In the Sar^r^'^n''""' ^^""^ '""'^^^^'^ "'"^ strength in both the 
melted and then extruded through an annuia 'd flt^^^^ '--"9 composition is frs 

e trudmg UDPE resin which normally is greater than abo.t « '''' ' '"'""^ '° 

'0 The f,lm forming composition is extruded at a mei temnS«^ kT "'^'^^^'^'y 0-75 mm 

m the form of either a bubble or a tube, although t also c^n bf J? w w''' ""^^^^ ^^^'^^l ^'^^ction 
The tubular extrudate is expanded to the des^irern ^ ^ ^°^"^2^dly or horizonta 

rs tubrn"" '''''' weirkno:nlre art'o'r °' ' 

1 TH : °' ''^ by passing tS'fS ;H J '"^ ^^'^^ ^"«"<='^- The 

A positive pressure of a gas such as air 
a dTi'". °' blown im prSes'thr'"''"'' '"'"^ '"''"'^^ As is 

-;at.o .3genera.lyintheran.geof t . - ^^r^:™^^ 

^= i~rL~ r :tTe^il~- g.oss. emboss^g can be ^ 

subsequent time for cast or tubular extrusion Ty procedu .Im fabrication for cast extrusion' or at a 

can be .i^H P"""^"" ^"S- ^^^^-hatching, dotrTnes c" r . T""'^"' ""'^ ^°"ducted 

§^!^^g!H! 9and Heat Setting 

or the ransverse direction (TD) or in both directions Tb a! n ^ machine direction (MD) 

~r rp^r^^^^^^^^^ — ^ 

- preferably stretched in the' t^^J'^ZZl^ °^ '''' -'^-eas cast films 

S is 0^:,^°"!? surface speeds and fS '"a't "^^^"^^"^ ^ ed 

-T.oprSeZ'. t IrX^d With or without MO orientation to impart 

Stretching of melt embossed precurso'films w^h ?, °' "'"""'''"^ ''^^^"9'^ 'entering device 

per m,nute produced breathable Is halg The desired w!.""' ' ^^^^^ °f aboufs meters 

greater permeability in the areas of reduced ?hLknS rcoir P^^'^^ability. The resulting filmstad 
Although not thoroughly investigated. conSino o th. *° ^^^^ Qreater thickness 

be .mportant to controlling the Permeabi itrFor tr^ino °" ^"""9 ^^^^^^-9 is be eved to 

meTed^'? ^'^'"^^'^^ ^'^^ speeded .^ s rlr 

^^ZreU^Tr "'^^^ ""nc^aseTn w^S fT''" ^^^^^^'^'"9 distance is 

Srol n??, '''"'"""9 "'^'=^'■"6 direction strain ? ^ P°'"» -here the film is 

contro^ng f.ini speed and the gap between the first and seco^^ ^ 9iven stretch ratio by 

A range of stretching ratios from 1 2 to i q n ^ '°"e^s. ^ 
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temperature of about 45 • r nr^r4 

Of a»om 60-C. "'"'"^ ' ''=''"'9 a slighll, KgMs, WVTR ,te„ „ . 

-.^r s^rc. -rr ^.rr- - - - .e.. ,„ Jl 
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g ^.ple 1 (COMPA RlgOM) 

^. in'Ckness of approximately 102 to 15P nm m * 

The resulting precursor film was coolod and 
.. direction with a stretch ratio of 4 to i and . n '° "^"'°""9 stress in the tran. 

ExamnlP ^ • 



55 Example 3 



The LLDPE/filler composition of Examol« i 
con.t.ons of Example 2. The precursor f^wt ther^reSlithThe t^^f -^^'""^^ ""^^ 

siretcned with the tentenng device of Example 2. The 
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Example 4 
5 T" 



'0 Example 5 
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lllV''^^ Set WVTR 

^^^^^^^ ISi22^ g/i^c 



Exai^ple 1 (Comparison) go — 2^L-Z^ 

^3 5,800 



Example 2 



Examples 3^ 
Example 4 

^® 10,000 



Exajnple 5 

'USES 

lininos nont™ ^ Wcalions such as h,?™T '"""P"- breamabte films 

Claims 



1- . Method of making a breathahip n\rr. ^ 

"fixing a linear low den^tv nn, ^'"T, ^^^P^'^'ng the steps of : 

2. Method according to claim ^ wherein the fi„er is ca..- 

~ --^^ — -arate. 

% filler. ""^ '° '^^'^ ' '^'^••^ 2 Wherein the copolymer/fi„er mV. 

Po-ymer/filler mixture contains from 15 to 35 vol 
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5. Method according to anv of riaimc i o 

9 any cla.ms 1 to 3 wherein said aipha-olefin is hexene-1 

^ e. «... ^^^^ ^^^^^ ^^^^^^^^^^ ^^^^^ ^ ^^^^ ^^^^ ^^^^ 

's 10. IVIethod according to any of claims 1 to 8 wherein » . 

'° ^t^etching. ^ Precursor film is cast extruded and embossed prior 

11. Method according to claim 10 wherein th^ „ 

from 177 to 232.C (350 to 450^F) ^'"^ ^^'^^^^ ^ -^It and/or die temperature 

12. Method according to claim 10 or claim 11 rnmn • • u 

ia ...0. ™ . „ ^^^^^ ^ ^ ^^^^^^ 

14. Breathable film obtainable by the method nf . u 

thicknesses with greater vapor permeabilit t'areas oTSdT;'!? f.^' °' ^"^^ °^ ^'^^-^^ 
greater th.ckness and an overall water vapor t ansmission r!l comparison to areas of 

30 '^'^ transmission rate in excess of 5.800 g/m^/day. 

15. Breathable film according to claim 14 havino a s^id n.«. , 

av-ng a said pattern of areas In the form of circles or hexagons 

16. Breathable film according to claim 14 havino a said o.tt. , ' 

naving a said pattern of areas in the form of diamonds. 

35 Patentanspriiche 

1. Verfahren zur Herstellung einer atmungsaktiven Folie bei dem 
^ ~t^^^^^^^^^^^^^ das durch Polymeri- 

ken zu versehen. und ^ ' "'"^"^ "^"^^^^ Flachen mit verschiedenen Foliendik- 

die Folie gereckt wird, um den Flarhon 
^ groGerer Dicke eine groOere DampfdurcSigritTuTeSen^"'' ^^'^^^^ -'^ 

2. Verfahren nach Anspruch 1 . bei dem der Fr,ii<,f-,« ^ , 

dem der Fullstoff m.t Calciumsteara. behandeltes Calciumcarbonat ist 

3. Verfahren nach Anspruch 1 oder Ansoruch 5 h=- ... 

Vol.% Fullstoff enthait. ' "^^"^ Copolymer/FUIIstoff-Mischung 15 bis 35 

4. Verfahren nach einem der vorheraehpndon a 

1. Penten-1. 4-Methylpenten-l. Hepten-fun^ oSen '""^'^''^^ Buten^ 

6. Verfahren nach einem der AnsDrUche i hie k^- ^ 

nsprucne 1 bis 3. bei dem das a-Olefin l-Hexen ist. 

6. Verfahren nach einem der vorheraehenripn Ano^ u 
^ 14 Gew,o/o vorhanden ist. '"^^^'""^^^ ^nspruche. bei dem das a-Olefin in einer Menge von 3 bis 
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ZT::o~:^ LLDPE-Copo,y.er eine Dichte v^n 

' rrx" r:ruS:r'" ^^-^ ^^^-^^^ - 

' htrtirdarcrgtr^^^^^^^^^ ''"^ ''''' SCauchextrusion 

TermoS wi^ Recktemperatur and unter der Erweichungstemperatur der gereckten Folie 

F^ZZr^ l ll^n^^ Foliendicken mil groSerer Dampfdurchlassigkeit in den 

Wasserdampfdurchtrittsgeschwindigkeit von mehr als 5 800 g/m2n-ag. 

Ss"ecke?har'" Kreisen oder 

16. Atmungsaktive Folie nach Anspruch 14. bei der das Muster aus Fiachen die Form von Rauten hat. 
Revendlcations 

-1. Procede de production d'un film apte a la respiration, comprenant les etapes • 

' Jti^Sh *yPe polyethylene lineaire basse densite. produit par polymeri- 

sation d ethylene avec une alpha-olefine en C. a Co. avec une charge 

.' dfJ^^Sn/"" '"Tl "'"""^'""^ ^ P'^'^ -^^'^"S^ copolymere/charge. 

dip^ais's: - ^^'-^ ' — 

- d-et.rage du film pour conf^rer une plus grande permeability aux vapeurs dans les zones 
d^paisseurreduite.comparativementaux zones de plus forte ^paisseur. 

' ^^-^ ^^^^^^ --'^^.^ - -^-^^^ caldum trait, avec 

' Snf I^Ts'irv^r^^^^^^^ -^-9« copolym.re/charge 

est 

5. Procede suivant fune quelconque des revendications 1 a 3, dans lequel I'alpha-olefine est I'hexene-I. 

' ..pha-oLfine est 
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'° . ^ a. _ _ J 

11- Precede suivant la revendication in w 

° d la temperature de 

13. Precede suivant la revendication IP . 

14. Film apte a la respiration pouvant etr^ ok, 
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